Abstract
General information
Bells called Urban, Jan and Maryan, hanging on the bell tower of St. Trinity Church in Krosno, belong to antique bells in Poland. Tower along with the bells constitute the central part of the Old Town of Krosno and it entered on a list of antique buildings at No. 9 -ZN (A-9 / 48) with decision of 21 November 1948. Urban bell is one of the biggest bells in Poland, it was cast in 1639, however the exact weight of the mentioned bell isn't known.
In 2012, the interior of the belfry became publicly available. In the same year, during the bells swinging a clapper of Jan came off. For safety reasons the City Hall of Krosno commissioned the technical expertise of the bells. It turned out that the other two clappers should be replaced too, due to its poor condition and the risk of being wrenched off.
Steel structure directly supporting the bells in the bell chamber is dated to 1928.The total mass of all three bells is close to 4,200 kilograms, so the dynamic forces produced by swinging have a great effect on the old steel structure supporting the bells and on the tower. The weight of the Urban bell should be estimated in order to verify the real dynamic forces affecting the structure.
The bell tower and Urban
The building of the bell tower is one of the most recognizable landmarks in the city of Krosno. Now it stands as a relic and it is currently a popular tourist attraction. For a few centuries it has constituted a specific predominant feature in the panorama of Krosno and has attracted artists' attention. The oldest preserved views come from the XIX century. (Fig. 1 a and b) . The bell tower of St. Trinity Church in Krosno was built between 1637 and 1651. It was founded by Robert Wojciech Portius (Gilbert Porteous Lanxeth),a citizen of Krosno since 1621, a native of Scotland. The main body of the tower possesses a nearly square section with about 8.8÷9.0 m per side (Fig. 2) . The main body is made of masonry. The thickness of the walls is 2.2 m at the wall basement and 1.25m at the level of the bells' chamber (+9.54). The tower crown has a timber structure. The total height of the tower is 38.0 m (Rymar, 2015; Rymar & Ślęczka, 2015) a) b)
Fig. 2. General diagram of the bell tower
There are three bells in the belfry, Urban, Jan and Maryan, supported by steel yokes and truss structure, (Fig. 3 ). They were casted in 1639 by Szczepan Meutel and Jerzy Olivier. The largest one is Urban, with diameter equal to 1,535 mm. In 1928 bells were subjected to renovation works in the foundry of Karol Szwabe in Białka by Bielsko. At the same time, the suspension structure of the bells was also replaced from wooden for the steel one ( fig. 3 , Rymar, 2015; Rymar & Ślęczka, 2015) .
Survey of the Urban
In 2012 the belfry was made available for tourists. In the same year, during the bells swinging a clapper of Jan came off. The City Hall of Krosno commissioned the technical expertise of the bells. It turned out that the other two clappers should be replaced too, due to its poor condition and the risk of being wrenched off.
The total mass of all the three bells coming from the 17th century, is nearly equal to 4,200 kilograms, so the dynamic actions produced by swinging have a great effect on the supporting steel structure and on the tower.
In order to verify the real dynamic forces affecting the structure, the task of determining the mass of the bell was taken on. To estimate the weight of the bell it was proposed to apply an indirect method involving the determination of its volume by terrestrial laser scanning (TLS) and a total station measurement.
Terrestrial laser scanning is a relatively new, modern measurement technology, which is now widely used in many inventory measurements. Measurement possibilities offered by TLS technology make it very versatile so that it is currently one of the fundamental ways of acquiring spatial data to describe the shape of artificial and natural objects of varied geometry (Ratcliffe & Myers, 2006; Abmayr et al., 2005; Schulz & Ingensand, 2004) .
Scanning was performed using a Faro Focus 3D scanner from a total of 6 positions with a resolution of 6mm / 10m and the total station measurement with Trimble M3 1" Total Station from 3 positions (Fig. 6) . Unfortunately, we failed to measure the inner surface of the bell with the total station. The instrument was unable to perform measurement of this surface. Points measured by the total station were transformed into one common local reference system based on 5 fixed points. Transformation error was 4mm. The individual scans were combined in Faro SCENE software and exported to AutoCAD package (Fig.7) . Average error of fitting does not exceed 4 mm.
It was decided to abandon the mechanical methods because of gaps in the set of points reflecting the outer surface determined by both methods and due to insufficient information about the correctness of mapping the inner surface of the bell and its clapper. Modelling was carried out by manual interpolation of the outer and inner surface. Filtration of points and separation of an object were made in AutoCAD. Both surfaces of the bell were separated too (Fig. 8) .
The shape of the bell was interpolated with circular cross-sections on a planar view. Sections were based on the diameters determined from vertical projection oriented in six directions. We managed to create an average of 35 cross-sections in each direction for a scanned point cloud, which gives an average density of 3.5 cm at the height of the bell (Fig. 9 ). Due to a smaller set of points from a total station measurement, the number of cross-sections in each direction fluctuated around 20. Then the space block was stretched on the designated cross-sections (Fig. 9 ) and its volume was determined. The volume of the bell resulted from subtracting the volume limited by the outer and inner surface. The results are shown in the Table 1 . As can be seen, lower density of total station measured points gives slightly worse results of interpolation.
Tab. 1. Summary of results
No. (Szymczyk et al., 2003) , it gives the weight of 1,900kg. This is without taking into account the weight of hexagonal bows at the crown of the bell and the clapper of the bell. Clapper of the bell should weigh between 3-4% of the total weight of the bell.
Conclusions
We can conclude that the total weight of the bell will be slightly more than 2 tons. This would coincide with the provisions of Sarna priest who, in the Description of Krosno District, stated that according to an inventory of St. Trinity Church in Krosno in 1785 Urban weighed 50 hundredweight (Sarna, 2006) . The hundredweight in the former Galician units system weighed 40.55kg.
Due to the fact that we failed to perform a measurement of the inner surface with a total station, the other independent method should be performed to verify the weight of Urban. It should also be noted that the lower density of total station measured points of the outer surface causes slightly worse results of manual interpolation.
